Abstract-This paper defines a multimedia user interface design method for mobile learning. The method identifies user requirements, outlines information architecture, and presents a media selection process to represent information as efficiently as possible. The recommended design directs attention to key information and maximizes user involvement via HumanComputer Interaction design strategies. Media selection guidelines and heuristics to achieve the most attractive and usable designs are discussed. The method has been evaluated by a case study on a history-based topic. The study confirms that the method's steps are effective for designers and it has positive impact on multimedia user interface design for mobile learning.
INTRODUCTION
This paper defines a novel method for the design of educational multimedia interfaces on mobile devices. The main focuses of the method are user requirements for users with specific student profiles (e.g. undergraduate students with no disabilities and familiar with mobile devices) and media selection to represent lesson contents. The method aims to produce interfaces that stimulate and improve students' engagement in the learning process.
Nowadays, mobile learning (M-learning) is a common trend in education and plays a fundamental role in both traditional and non-traditional learning. Mobile devices are used not only to make calls but also to access information, check emails, take photos and record notes. Mobile devices also allow users to share media with their families or friends at any time. A few years ago, mobile devices started to offer rich multimedia formats to represent information. Those formats have fed the momentum behind these trends [1] .
Developers and teachers are now seeking ways to use mobile devices with multimedia to support the education process effectively. Currently, the methods and models to support and develop M-learning applications with multimedia formats are somewhat lacking. Some researchers have focused on designing multimedia applications [2] [3] , and others have studied M-learning without considering multimedia presentation [4] [5] [6] [7] . However, few to no researchers have studied the process of designing educational interfaces for mobile devices with multimedia presentations and how to choose the most appropriate multimedia for any specific information type.
Current mainstream design models and instructions do not address mobile device features and are generally designed for desktop computers and devices with large screens [8] [9] . There is also a shortage of resources available for mapping information to media to present on a mobile device screen. The methods and instructions available to design multimedia interfaces and E-learning materials for desktop computers do not achieve the best quality interfaces for mobile devices and have failed to produce optimal solutions, and have led to poor education experiences from using mobile devices in the education and learning process [10] . Consequently, there is a need to investigate current design models and available instructions / guidelines and to adapt these specifically for the design of mobile learning interfaces. This adaptation would include guidelines to map the most suitable media to specific information presentation for small screen sizes, as the proposed method in this paper does.
In the remainder of this paper, section 2 profiles previous work, section 3 describes the Multimedia Design Mobile Learning Method, section 4 clarifies how the method was evaluated, and section 5 discusses conclusion and future work.
II.
RELATED WORK The development of technologies and advanced mobile devices (e.g. smart phones and tablets) have diverted online learning styles from E-learning to M-learning, allowing learning content to be accessible anytime and anywhere. Thus, traditional learning materials have started to be redesigned in a manner suitable for M-learning [11] . However, mobile devices' features also impact M-learning content with limitations such as battery capacity, small screen size, input and output interfaces, and wireless bandwidth [12] . These limitations must be taken into account when adjusting and designing the information to be delivered through mobile devices. Several universities have provided apps, but these apps have been noninstructional, as there is a lack of ways to deliver materials through mobile devices [13] . The methods, frameworks and guidelines currently available to design for M-learning are described in this section.
XQuery language has been used with the SOAP protocol, which transfers an information structure from one operating system to another operating system so that the contents from a web page (HTTP) are adapted to specific mobile devices. Adaptation is now possible for text format materials but not for rich formats, which contain multimedia [14] . [15] proposed an 978-1-5090-5443-5/17/$31.00 ©2017 IEEE algorithm similar to XQuery language named the FWA algorithm; this algorithm converts various web content styles to any mobile device. Many researchers have concentrated on the same idea. For example, [16] invented an intelligent agent that has the ability to convert and deliver any electronic materials to mobile devices. This agent seeks and selects the ideal conversion tool depending on the required format and each mobile device's software ability and hardware restrictions. However, this agent is time consuming, taking from 10 to 30 minutes to convert webpages to mobile devices. A content adaption system has been planned with the ability to select the ideal converted version to be displayed in specific mobile devices. The main drawback of this approach is that it is also time consuming, and it gives the option to ignore any multimedia owing to reduce the conversion time [17] . Another study has produced a system architecture for learning resource adaptation and a delivery framework to address some of the limitations of M-learning, such as the limited capacity of lowspeed wireless. To ensure good quality of the material delivered, the study's proposal engaged two process layers: a multimedia adaptation layer to consider multimedia objects' quality and a learning object adaptation layer to consider learning objects' quality. However, the research concentrated on how to adapt existing web content to mobile devices rather than on how to design original content to be delivered through mobile devices, and the transferring process and resulting interfaces system presented some difficulties [18] .
Researches have also been done into producing methods for designing and developing multimedia interfaces in general. [19] Divided multimedia into three main axes: 1) media type (text, sound, graphics and motion); 2) context (audience, discipline, interactivity, quality, usefulness and aesthetics); and 3) media expression (elaboration, representation and abstraction). The researchers suggest some guidelines on how to map certain media types based on information types. Their work evaluated educational multimedia; it did not design a method. However, it is possible to merge e-learning materials (web-based materials) with mobile technologies to achieve effective learning environments [12] .
In 2011, [20] adapted the Universal Instructional Design (UID) to M-learning concepts. The principles of UID have been developed to facilitate and aid designers and interface developers seeking to design and instruct educational material interfaces suitable for a wide range of learners. These principles include equitable use, flexible use, simple and intuitive format, perceptible information, error tolerance, low physical and technical effort, community of learners and support, and instructional climate. The adapted UID has demonstrated good results with effective interfaces.
One suggested method for designing tasks with multimedia integration uses rules to map the educational materials to specific media [2] . Similarly, another method for designing a multimedia user interface considers user requirements, data design and media selection when deciding how to represent information [3] . Additionally, this latter method includes an assistant tool to help select the appropriate media to represent the information content. Yet neither of these two methods addresses the problem of M-learning limitations. Other researchers have proposed a high-level M-learning method that takes into account the planning and creating of the course while ensuring that usability and objectives are considered [4] . However, this method does not consider the course structures, mapping information or lesson analysis. [5] Suggest a strategy to design a flash-based user interface to teach Dijkstra's shortest path algorithm using mobile devices. These researchers strongly advise designers to follow the user interface design principles in designing educational material for mobile devices. However, the strategy focuses on teaching Dijkstra's shortest path algorithm and cannot be used to design user interfaces for general educational material. [6] Claims that technical and design issues must be considered when using mobile devices for learning purposes. The technical issues relate to the device capability, and the design issues relate to the development of educational materials to be used on these devices. He gives a general guideline when designing the interfaces, considering the mobile browsers and where the best point is to position the interfaces' components within the screen. He also advises designers to determine which mobile device they are considering prior to commencing design procedures.
Some researchers have concentrated on producing design principles. For example, in 2012 a design for presenting Mlearning practice tips has been proposed [7] . In the same year, another study produced the following M-learning design principles: "connect, contextualize access, capture and multimodal". These principles aim is to make a connection between what is provided in M-learning and what is actually done in the classroom [21] . Similarly, yet another study suggested four principles to design M-learning messages for different devices [9] : Principle 1: "Design for the least common denominator" M-learning materials must be designed in a format that is appropriate for all mobile devices. Principle 2: "Design for E-learning, adapt for M-learning" Use the same process that is used in E-learning for Mlearning, such as the iterative design approach which consists of design, creation and evaluation. Principle 3: "Design short and condensed materials for smart phones"
Abbreviate the course materials in mobile devices screen by including images, audio notes and a summary of the materials.
Principle 4: "Be creative with 3G and 4G technologies" 3G and 4G technologies have offered the designers the chance to run more sophisticated programs on mobile devices.
The advent of interfaces involving responsive design was firstly proposed by [22] . Responsive web design is concerned with designing a flexible interface that can be presented in an elegant format on any device without damaging information presentation [23] . However, this technology does not take into account mobile learning as a first principle as it just presents the design in an elegant format on the mobile device. It is a good practice to consider this technology while designing the M-learning materials, yet, the designer must consider the M-978-1-5090-5443-5/17/$31.00 ©2017 IEEE learning design first. Recently, designers have started to think about mobile first, as designing for mobile devices is more restrictive than desktop computers. Basically, the mobile first approach is an approach that considers designing for mobile devices from the beginning.
To conclude, studies on designing M-learning interfaces with integration of multimedia formats are still lacking. Further study is needed to produce a solid method able to address the design difficulties. Such a method must provide guidelines to media selection and integration, implementation issues, testing and improvement issues taking mobile devices features into account.
III. DESIGNING A USABLE MOBILE LEARNING MULTIMEDIA SYSTEM
In general, to design any multimedia interface, several elements need to be defined. These elements include user requirement trends, user profiles, task models, and information groups and types. The main three stages concerning multimedia designs are media selection, attention design, and navigation and integration design. The proposed method starts the process with user requirements and information analysis to produce the Information Model at the same time, the user profiles are analysed and interfaces' functional requirements are specified to determine the system environment. This output benefits the media selection and integration stage when mapping the information content with media resources. The method then proceeds to its thematic design and interaction design stages. Finally, the system is implemented using special programming languages or using existing themes. Though the method is produced as a sequence, in real practice the stages could be interleaved and repeated. A complete description of the method follows. Fig. 1 provides an overview of the design method we suggested in order to address multimedia design for M-learning.
A. User requirements and information analysis
To gain the educational materials, the designer has to collect the information about the task area. Knowledge Acquisition Techniques are used in obtaining the information. The designer extracts knowledge from a human expert (e.g. an instructor, lecturer or teacher) and then translates this knowledge into a database which contains all the collected knowledge related to the topic. It is left to the developer to choose which techniques are suitable. Techniques include interview, questionnaire and group discussion [24] [25] . The task information gathered during knowledge acquisition has an unstructured form at this point, so its presentation must be formalised. Several task analysis techniques are available to achieve a usable presentation, including Hierarchical Task Analysis and Task Knowledge Structures, which are conventional HCI approaches. According to [3] and [26] , a Task Model should be created by listing all the sub-goals which need interaction by the targeted users by using any of the interaction media such as dynamic image, video and audio. Then, each sub-goal must be annotated with its information requirements. This type of model assists the designer in clarifying information and instructing and directing the users. However, tasks vary between applications. In some situations, representing the information without using any interaction media is the aim of the application. This is because the task information sub-goals aim to just explain or provide information. In such a situation, the Information Structure Model is created. Generally, the Information Content Model is constructed to arrange the information in thematically correlated groupings which then are assigned a type. The information type is important because it carries the important information that needs to be delivered through media. The information types specify the message to be delivered in the multimedia application by selecting applicable media resources using mapping rules. The objects and attributes of information may be classified as several possible types, as shown in the decision tree in Fig. 2 .
Classification starts with questioning if the information is about existing facts in the real world or just abstract. Then designers must determine if the information will change over time or stay constant. Lastly, a group of ontological classifications must be defined to categorise information that expands on type definitions. This decision tree classification considered as the simplest analytical manner to analyse the information type. In short, to use the decision tree to specify the information types, the user must determine 1) if the information is physical or conceptual; 2) if the information is 978-1-5090-5443-5/17/$31.00 ©2017 IEEE static or dynamic; and 3) to which tree branch the information belongs [3] [26] . Fig. 2 . Decision Tree [3] It is also necessary to obtain information on the end-user to form an end-user profile. This profile should lead to a definite understanding of the user which can be merged into the new system. All users vary in relation to task; in other words, all users' expertise of the provided knowledge is different.
User interface functional requirements are a set of task statements to help generate the Task Model. These requirements are important because they specify and determine what the system must do in order to achieve its goals depending on the potential needs of the users [27] . Thus, the designer has to specify the functional requirements of each interface in simple terms, e.g. "this interface must …".
B. Media selection and integration
The main purpose of the method's second step is to choose media to satisfy the requirements defined in the first step. Thus, the output from the previous stage feeds directly into this stage to match the contents' logical specification to the most suitable and available media. For example, language and reasoning tasks may be best represented with verbal media, while spatial tasks such as moving, positioning and orienting objects are best represented by visual media. The resulting information types from stage one is used in the mapping process. These information types are mapped to media (static non-streaming media or dynamic media). Since most components in the Information Content Model may have several information types and since each information type maps to multiple media, the selection procedure supports multimedia integration. For instance, when a physical task needs to be explained, image sequences may be used, then video and speech may integrate the phases, and finally text may be used to explain the important points. In the first sub-step, the designer has to choose one or two possible media selection strategies. The first strategy is an individual strategy which normally will be chosen for very simple concepts to avoid a vague illustration and if the developer wants to represent the information concept using a single media. The other strategy is the combination strategy, which is chosen if the developer wants to select a combination of media to represent the information concept. This strategy is usually used for more complex concepts [15] . The decision needs to be repeated for each piece of information in the Information Content Model to produce Media Selection Informational Model.
Task and user profile impacts media choice. For example, some users may prefer visual media while image is not usable for blind users. In this sub-step, the initial mapping of information and its suitable media is performed according to some useful guidelines that may help in the mapping process [3] : Guideline 1: Use video or photographic images of people with speech to involve the user and current arguments.
Guideline 2: To describe casual arguments, offer background information first, demonstrate the casual sequence by images for each step, followed by animations to integrate the sequence, then review steps and principles using bullet points or numbered lists.
Guideline 3: Provide a strong information structure, with topic, sub-topics hierarchy, with matching access controls and with a search facility for direct access for a large structure.
Guideline 4: Use audio and video whenever possible to attract the user and avoid long text.
Guideline 5: Use designing heuristic when appropriate.
C. The design
To start designing the interfaces for a specific mobile device, the screen size must be known so the components of the screen can be fitted suitably. Having selected the media resources, the designer now must ensure that the user will extract the appropriate information. An important consideration of multimedia design is how to link the thread of a message using assorted media. As the presentation techniques help to direct the user's attention to important information and specify the desired order of reading or viewing. Thematic links between information components are specified and attentiondirecting techniques are selected to implement the desired effect. The design goals are as follows:
• To plan the overall thematic thread of the information.
• To draw the user's attention to important information.
• To establish a clear reading/viewing of sequences.
• To provide clear links when the theme crosses from one medium to another.
Directing the pupils' attention to the appropriate information at the correct level of details is the main design problem. Primarily, pupils will tend to extract information from images at the scene level; the major objects will be identified, but with very little descriptive detail. Position on the 978-1-5090-5443-5/17/$31.00 ©2017 IEEE screen has a key influence on attention. Eye tracking studies have demonstrated that components on the top-left and centre areas of screens receive more attention than those on the lower and right hand areas [28] .
D. Implementation
There are two options for the developer: create a new design or choose an already existing design from available design templates. To create a new design, the developer will need to use the chosen media and interaction techniques to form an interface from scratch. This creative effort will incur a significant amount of work on the part of the developer. The second option of designing with templates enables the developer to select a template from the design template resource software and apply that structure to the media. The designers may also apply the Mobile-First Responsive web design approaches [29] .
Prototypes are developed and tested to support the method process. Prototypes are applied to define and refine user needs, explore design possibilities, and perform participatory design [30] [31] . A prototype is a working program, generally with most of the characteristics implemented and most of the content included. After changes based on the designer's review, a prototype generally should go to the target users for more significant usability testing to determine how clear it is to use [32] . By completing this sub-step, rough designs for the interfaces are produced. The final interface design solution is created after testing and repairing any failing in the design.
IV. METHOD EVALUATION
In this paper the effectiveness of the method was evaluated using a case study of how designers, who were given a design brief, used the method and the attached tools and techniques to create set of sketches. The domain was a history lesson on spacecraft. The design brief required a multimedia design for mini iPads to be given to undergraduate students.
A. Subjects
Five designers (3 women and 2 men) aged 27 to 45 years old took part in the evaluation. All designers had studied computer science as their undergraduate degree and had at least one year of experience in designing. Though there was a gender imbalance in the subject pool, closer monitoring does not detect a radical difference between the female and male subjects. The resulted interfaces were given to 20 undergraduate students, aged 20 to 25 years old. All students were studying computer science.
B. Procedures
The designers were given the educational materials and the proposed method and then encouraged to follow all the steps and to use all the tools provided to design the interfaces. The participant designers were told that section one of step one (gain the educational materials) was already done, and the educational materials were provided to them. They were also given the user profile of the targeted users (undergraduate students with no disabilities and ability to use an iPad, but without any spacecraft background). In the last section of step three, the designers were given the exact screen size of an iPad mini. The participants worked at their own pace and without any time limit. Then, they filled in a questionnaire to rate the effectiveness of the method's steps and were interviewed as well. One of the resulted sketch designs was selected randomly to be actually implemented and then given to students to evaluate the method's output using a questionnaire.
C. Results
The participants included in the quantitative research were asked to provide demographic information and to rate the effectiveness of the method's steps. This included ratings about how successful the steps were and opinions regarding the extent to which the method is comprehensible, if there are any missing points that need to be added to the method, if anything needs to be done differently, and finally if the designers have used any method to design multimedia interfaces in the past.
The participants agreed on the effectiveness of the model in creating the task model, creating the information structure model, using the user profile, identifying the user interface functional requirements, using the media selection guidelines and heuristic table, checking media selection, trading off media selections, checking mobile screen size, drawing basic sketches, and executing all sub-steps in steps 3 and 4. However, the participants' perceptions of the effectiveness of creating the information content model using the decision tree were less than positive. The majority of the participants described the use of the decision tree in creating the information content model as only slightly effective. One participant, the one with the most design expertise, described it as only moderately effective. Only one participant described using the decision tree as very effective. This data calls into question the effectiveness of creating the information content model using a decision tree. The participants claimed that it was not clear how to use the decision tree or what the benefit of the tree was. When interviewed, 4 out of 5 participants declared that the guidelines for mapping media to information were not clear enough.
Generally, as Table 1 illustrates, the participants' perceptions of the success of the steps and comprehensibility were positive. The scores for all statements were in the medium range and closer to positivity. The assessment was based on a 5-point scale where 1 is extremely effective and 5 is not at all effective. The overall quality of the method was significantly positive for all components except the decision tree, which scored 3.40. The method produced significantly positive interfaces according to the students. The resultant interfaces are understandable and clearly deliver the information provided. The general layout design is acceptable and contains a suitable number of media and media combinations. The interaction 978-1-5090-5443-5/17/$31.00 ©2017 IEEE techniques are manageable and suitable for the materials represented.
V. CONCLUSION AND FUTURE WORK
The main contribution of this paper is to demonstrate a comprehensive multimedia M-learning design method that is devised from previous general interface design methods and a literature synthesis of multimedia design for mobile learning. Results from evaluation confirmed that the method provided is effective with comprehensible steps to produce interfaces for M-learning. Further, the application of the method had positively impacted the quality of the resultant M-learning interfaces created from it.
For future work, research will be applied to address the decision tree deficiencies and guideline issues identified. These faults will be solved by suggesting a media mapping table for M-learning. This media mapping table may assist the designers to 1) decide the information types and 2) to make optimal decisions when mapping the information types to the most appropriate media. Think-aloud protocol will be used to evaluate the method usability.
